Seven patients with miscellaneous cardiac disorders are described in whom asymmetric septal hypertrophy was revealed by echocardiography. In one of these patients coexisting hypertrophic cardiomyopathy was excluded histologically; thus asymmetrical septal hypertrophy is not confined to patients with hypertrophic cardiomyopathy.
Seven patients with miscellaneous cardiac disorders are described in whom asymmetric septal hypertrophy was revealed by echocardiography. In one of these patients coexisting hypertrophic cardiomyopathy was excluded histologically; thus asymmetrical septal hypertrophy is not confined to patients with hypertrophic cardiomyopathy.
During the past four years echocardiography has proved of diagnostic value in hypertrophic cardiomyopathy with or without obstruction. Moreyra et al. (1969) were the first to study patients with hypertrophic cardiomyopathy and described a cluster of echoes of varying thickness impinging on the anterior mitral leaflet echoes during diastole. They suggested that the thickened interventricular septum was responsible for this appearance. Sometimes they observed a reduction of the slope of the anterior mitral leaflet echoes, and they attributed this to decreased left ventricular filling as a result of reduced left ventricular compliance. However, these early recordings were not permit accurate evaluation of all the features described.
The occurrence of an abnormal forward movement of the anterior mitral leaflet during systole in hypertrophic obstructive cardiomyopathy was first suspected by Bjork (1964) and was angiographically documented by Dinsmore, Sanders, and Harthorne (1966) . This abnormalitywas confirmed by Simon, Ross, and Gault (1967) , who also observed a similar abnormality involving the posterior mitral valve leaflet. They postulated that the abnormal systolic motion of the mitral valve leaflets resulted from abnormal traction on the chordae tendineae, secondary to maldirection of the hypertrophied papillary muscles. They also suggested that the abnormal systolic position of the mitral valve leaflets together with asymmetrical septal hypertrophy played an important part in the production of intraventricular pressure gradients.
Soon afterwards Shah, Gramiak, and Kramer (1969) reported that the abnormal forward displacement of the anterior mitral leaflet in hypertrophic obstructive cardiomyopathy could be visualized echocardiographically. Furthermore, they suggested that the forward displacement of this leaflet towards the interventricular septum during systole was responsible for the left ventricular outflow tract obstruction and for the mitral valve regurgitation, which are commonly seen in this disease. These observations and interpretations have been supported by Popp and Harrison (1969) and Pridie and Oakley (1970) .
Echocardiographic evidence of extreme narrowing of the left ventricular outflow tract in hypertrophic cardiomyopathy was presented by Gramiak, Shah, and Kramer (1969) . This was in contrast to the wide left ventricular outflow tract observed in patients with aortic valve disease. However, no details of their measurements were given. Gramiak et al. (1969) diameter 2-25 MHz transducer with a repetition rate of 1000 impulses/s. The patients were examined in the left lateral position with the transducer applied over the left third or fourth intercostal space near the left sternal edge. As an initial point of reference the echoes from both mitral leaflets were identified together with those from the ventricular septum and posterior free wall of the left ventricle. Tilting the transducer slightly inferiorly until the mitral echoes were just lost permitted examination of the left ventricular cavity in the submitral valve reg.on. From this position the transducer was gradually directed superiorly so that the ultrasound was beamed in an arc towards the aortic root, according to the method of . The ultrasound patterns were viewed on an oscilloscope using M mode of display. Permanent recordings were made with a polaroid camera in 16 of the 52 cases studied, and in the remaining 36 the information from the Ekoline was displayed on a Cambridge recorder 03cilloscope, and strip chart recordings were made together with simultaneous electrocardiogram and phonocardiogram. The recordings in these instances were made on photographic paper. Fig. 1 illustrates the levels at which the various echocardiographic measurements were made. The tube-like left ventricular outflow tract is bounded anteriorly by the interventricular septum and posteriorly by the anterior mitral leaflet. The echocardiographic assessment of the high and the low anteroposterior dimensions of the left ventricular outflow tract were made by measuring the distances between the endocardial echoes from the interventricular septum (on the left side) and the nearest anterior mitral leaflet echoes during mid-systole in positions 3 and 2, respectively (as defined in Fig. 1 The aortic valve was assessed as described by Feizi, Symons, and Yacoub (1974) . The left atrial dimension was measured at end-systole by the distance between the echoes from the posterior aortic root wall and the posterior left atrial wall. The amplitude of the excursion of the anterior mitral leaflet echoes was measured as the vertical distance between point C and E of the mitral valve echogram (Fig. 2A) . The E-F slope of the mitral valve was estimated as described by Edler (1966) .
Results

Echocardiographic studies of 30 healthy persons
The echocardiographic patterns of the mitral and the aortic valves of one of the healthy controls are shown in Fig. 2A (Fig. 4A) showed pronounced forward displacement of the anterior leaflet echoes during systole, with apparent complete obliteration of the lower left ventricular outflow tract during mid-systole. The posterior leaflet and the posterior chordal echoes also showed forward displacement. In diastole the anterior leaflet echoes were again in contact with the wide interventricular septal echoes. The excursion of the anterior leaflet echoes was reduced. These suggested that there was incomplete opening of the anterior leaflet resulting in left ventricular inflow obstruction. Fig. 4B is a diagram of the cross-section of a heart with septal hypertrophy to illustrate how gross interventricular septal hypertrophy may mechanically interfere with full opening of the anterior leaflet and result in left ventricular inflow obstruction. The interventricular septal echoes showed reduced amplitude of motion, suggesting impaired contractility. The posterior left ventricular wall echoes were slightly widened and the amplitude of motion suggested good contractility. The aortic valve echogram ( Fig. 4C) (Fig. 9 ). It showed a pattern compatible with normal opening at the onset of ventricular systole. This was followed by partial closure during mid-systole. The abnormality was more pronounced after extrasystolic beats, when a pattern was recorded compatible with normal opening of the valve followed by closure and then reopening. As Case 10. The mitral valve echogram showed pronounced forward displacement of the anterior leaflet echoes during systole (Fig. 10) . The posterior leaflet echoes showed mild displacement. The septal echoes were compatible with hypertrophy and poor contractility. The posterior wall echoes were unremarkable.
Case 11. The mitral valve echogram showed forward displacement of the anterior and posterior leaflet echoes during systole. Furthermore, the anterior chordae tendineae (AC) echoes were prominent and also showed forward displacement. The septal echoes suggested hypertrophy and very good contractility. The posterior wall echo pattern also suggested good contractility (Fig. llA) .
Case 12. The mitral valve echogram was similar in most respects to that of Case 11, but the forward displacement of the anterior and posterior leaflet echoes during systole was less pronounced. The septal echoes were wide and suggested good contractility. The posterior wall echoes were unremarkable.
Case 13. The mitral valve echogram was normal (Fig. 11B ) even after amyl nitrite inhalation. The septal and posterior wall echoes suggested hypertrophy and good contractility.
Case 14. The mitral and aortic valve echograms were normal, as in Case 13. The septal pattern suggested hypertrophy and good contractility.
Case 15. The mitral and aortic valve echograms were normal, as in Cases 13 and 14. The septal echoes suggested hypertrophy and poor contractility while the posterior wall echoes were unremarkable.
Echocardiographic studies of seven patients with asymmetrical septal hypertrophy due to miscellaneous causes A 15-year-old boy with aortic stenosis clused by a congenital bicuspid aortic valve was studied by echocardiography four weeks after valvotomy. Exploration at operation had shown an abnormal anterolateral papillary muscle and a muscular band extending from its apex to the anterior leaflet of the mitral valve. At the end of the operation a withdrawal pressure trace from the left ventricle to the aorta showed the following peak systolic pressures: at mid-left ventricular cavity 230 mm Hg (30*6 kPa); outflow tract 120 mm Hg (16-0 kPa); aorta 80 mm Hg (10-6 kPa). The echocardiogram (Fig. 12A) showed wide interventricular septal echoes (2 0 cm), slightly widened posterior left ventricular wall echoes (1I 2 cm), and the ratio of septal to posterior Table 2 . wall thickness was increased (1-7). The anterior mitral leaflet echoes recorded showed forward displacement during systole which became more prominent after amyl nitrite inhalation (Fig. 12B) . The posterior leaflet echoes also showed forward displacement during systole.
Four other patients (aged 14, 16, 18, and 23) with aortic stenosis due to bicuspid valve have been studied by echocardiography. In three the study was carried out after valvotomy and in one preoperatively. All four showed echocardiographic features compatible with severe asymmetric septal hypertrophy and two showed abnormal forward displacement of the anterior mitral leaflet echoes during systole. One of the patients who did not show the abnormal mitral valve pattern at rest or after amyl nitrite inhalation had a myotomy. All four patients, like the patient described above, had valvar and subvalvar gradients. These cases will be described in detail elsewhere. A 28-year-old man with pulmonary valve atresia and a small ventricular septal defect, and who had Blalock's operation at the age of 23 years, was also studied (Fig. 13A) . The echocardiogram showed wide interventricular septal echoes (1'7 cm) and a normal posterior left ventricular wall pattern (1-0 cm), thus the ratio of the septal to posterior wall thickness was increased (1.7). This patient subsequently died. At necropsy the measurement of the septal and posterior wall thickness correlated well with those measured by echocardiography. The histological appearance of both the septum and of the posterior wall was that of secondary hypertrophy.
A 16-year-old girl with Eisenmenger's syndrome associated with a persistent ductus arteriosus was studied by echocardiography (Fig. 13B ). This showed wide interventricular septal echoes (1 8 cm) and normal posterior wall echoes which measured 1 0 cm. Thus the ratio of the septal to posterior wall thickness was increased (1 8).
Discussion
The abnormal forward displacement of the anterior mitral valve leaflet echoes during systole is generally accepted to be pathognomonic of hypertrophic obstructive cardiomyopathy. Our experience thus far has shown this abnormal mitral valve pattern to be specific for hypertrophic cardiomyopathy but not necessarily with obstruction, since three patients (Cases 10, 11, and 12) showed some degree of abnormal systolic displacement of the anterior mitral valve leaflet echoes and yet no pressure gradients were recorded at cardiac catheterization, even after provocation with isoprenaline. This suggests that echocardiography can detect abnormal mitral valve leaflet motion when there is no detectable haemodynamic effect.
Contrary to previous reports (Shah et Fig. 2A. recent studies (0. Feizi, unpublished observations) have shown similar degrees of narrowing in several patients with fixed outflow tract obstruction. In hypertrophic cardiomyopathy the narrowed outflow tract appears to be the result of hypertrophy of the interventricular septum with or without the abnormal forward displacement of the anterior mitral valve leaflet towards the interventricular septum during systole.
This study has shown that in hypertrophic cardiomyopathy forward displacement of the echoes from the posterior mitral valve leaflet and from the chordae tendineae often occurs in addition to the forward displacement of the anterior leaflet echoes during systole. In seven of the 10 patients who showed abnormal displacement of the mitral valve leaflet echoes there was confirmatory angiocardiographic evidence. Our experience has also shown that the presence of the abnormal systolic forward displacement of the mitral valve leaflet echoes is not invariably associated with mitral regurgitation. The presence of haemodynamically significant mitral regurgitation was usually reflected on the echocardiogram by an increase in size of the left atrium and a relatively large left ventricular dimension. The aneurysmal left atrium in the patient (Case 2) who did not have mitral regurgitation was presumably secondary to the left ventricular inflowtract obstruction at the mitral valve level. Left ventricular outflow-tract obstruction in hypertrophic cardiomyopathy has received much attention but less mention has been made of left ventricular inflow-tract obstruction. The latter has been attributed to impaired left ventricular filling secondary to reduced cavity size and to loss of ventricular wall compliance associated with extreme hypertrophy (Hansen, Davidsen, and Fabricius, 1962; Goodwin, 1964; Wigle, 1964) . In this study, in order to evaluate further the cause of the left ventricular inflow-tract obstruction, the E-F slope of the mitral valve leaflet was examined, since this is known to be affected by the rate of blood flow across the mitral valve (Shah et al., 1968; Moreyra et al., 1969) . A reduced E-F slope (in the absence of mitral valve stenosis (Duchak, Chang, and Feigenbaum, 1972) would be expected when there is decreased compliance. We found that prolonged contact of the anterior leaflet with the septal echoes precluded the measurement of the E-F slope in five patients with hypertrophic cardiomyopathy (Cases 1, 2, 4, 6, and 7) (Figs. 4A and 6A ). In addition, these patients had a reduced amplitude of anterior leaflet echo excursion during diastole. Cardiac catheterization in three of these five patients showed a mitral diastolic gradient (Tables 2 and 3 ).
These observations suggest that in hypertrophic cardiomyopathy there can be mechanical left ventricular inflow-tract obstruction at the mitral valve level, due presumably to incomplete valve opening, secondary to gross septal hypertrophy of the type described in a single case by Teare (1958) . It Arrow indicates pronouncedforward displacement of AM echoes during systole. Excursion of AM echoes in diastole is reduced. These echoes made contact with IVS echoes during 80% of systole and 60% of diastole. IVS pattern is compatible with gross hypertrophy and poor contractility (c.f. Fig. 2A) . B) Aortic root area. Anteriorly visualized echoes (Ca) show pattern compatible with premature closure (arrowed) during systole. LA dimension is compatible with aneurysmal dilatation (c.f. Fig. 2B ). Other abbreviations as in Fig. 2 . hemiparesis thought to have been embolic in origin. By demonstrating inflow tract obstruction, echocardiography may thus predict the risk of embolism in hypertrophic cardiomyopathy and also assist the selection of patients suitable for septal myotomy and myectomy. It may be this category of patients in whom mitral valve replacement has been found effective (Cooley et al., 1971) . However, septal myectomy (Bentall et al., 1965) may be more logical, since septal hypertrophy appears to be the main contributing factor to the development of both inflow and outflow tract obstruction to the left ventricle. The majority of the patients with hypertrophic cardiomyopathy were found to have a normal mitral valve mechanism (Wigle et al., 1969) . Shabetal and Davidson (1972) (Duchak et al., 1972) . Furthermore, they did not observe any echocardiographic pattern diagnostic of left ventricular inflowtract obstruction. In the remaining 10 patients in the present series with hypertrophic cardiomyopathy two had a reduced E-F slope, suggesting underlying non-compliant left ventricle, and eight had values within the normal range, thus showing that a normal E-F slope does not exclude the diagnosis of hypertrophic cardiomyopathy.
Though there are a few reports of the occurrence of both early and mid-diastolic murmurs in hypertrophic cardiomyopathy (Brachfeld and Gorlin, 1961; Hansen et al., 1962; Braunwald et al., 1964) there has been no satisfactory explanation of their mechanism. Some authors, however, do not regard early diastolic murmurs to be an integral feature of this disease and would consider that its presence makes the diagnosis of hypertrophic cardiomyopathy unlikely (Menges, Brandenburg, and Brown, 1961; Wigle, 1964) . We propose that an early diastolic murmur present in hypertrophic cardiomyopathy is likely to be secondary to aortic valve Fig. 4 ). Other abbreviations as in Fig. 4 Nagle (1967) , Frank and Braunwald (1968) , and Cardelia et al. (1971) . In our cases subclinical infective endocarditis could have caused the aortic dysfunction. The incidence of aortic regurgitation in hypertrophic cardiomyo-pathy is unknown, as routine aortography is rarely undertaken in this condition. In some patients this lesion can be detected by echocardiography (Feizi et al., 1974) 
